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ABSTRACT
The Pygmy Octopus Octopus joubini (Robson, 1929) is a small, shallow water species
found throughout the Gulf of Mexico (GoM), western Atlantic Ocean and the northeastern
Caribbean Sea (Mather, 1982; Jereb & Roper, 2014; Judkins, 2009). This species is believed to
belong to a complex based upon morphological features including arm length, web depth, sucker
size, egg size, hatchling ecology, and chromatophore coloration. It has been proposed that
Octopus mercatoris, another pygmy species found in the GoM, may belong in this complex;
however, no analyses have been performed to verify this claim. The present study incorporated
morphological comparisons with genetic evidence in an attempt to resolve the confusion
associated with the proposed Octopus joubini complex. The main objectives of this study were to
[1] utilize COI and 16S rRNA markers to determine if O. joubini represents a complex in the
eastern GoM and [2] if cryptic species were identified, determine if they have overlapping
geographical ranges. Traditional systematics and molecular evidence were able to confirm that
O. joubini represents a complex in the eastern GoM. I propose that O. mercatoris and O. joubini
continue to be considered cryptic species due to a small sample size and subtle morphological
differences observed in the present study. It is still uncertain if O. mercatoris represents a third
species in the complex or is conspecific with Forsythe & Toll’s (1991) large egg species. The two
species appear to have broad distributions with overlapping geographical ranges.

v

1.0 INTRODUCTION

1.1 Class Cephalopoda
Cephalopoda (Cuvier, 1795) which includes squids, octopods, and their relatives, belong
in the phylum Mollusca (Linnaeus, 1758). Molluscs are characterized by having a soft body,
specialized tissue known as the mantle, a feeding structure known as the radula, and a modified
foot that is used for locomotion (Pechenik, 2010). Cephalopods, considered to be the most
complex in all of the invertebrate phyla (Jereb & Roper, 2010), have unique Molluscan
characteristics including a merged head and foot, a reduced or absent external shell, arms
and/or tentacles, and use jet propulsion for movement; they also possess a sophisticated
nervous system and a closed circulatory system (Judkins, 2009). Cephalopods are strictly marine
organisms and inhabit all oceans of the world with the exception of the Black Sea (Jereb & Roper,
2010).
The life span of cephalopods is rather short; most live for a period of only a few months
to a few years (Judkins, 2009). Cephalopods reproduce sexually; they are conventionally
considered semelparous however some pelagic and deep-sea species have been found to be
iteroparous (Boyle & Boletzky, 1996; Laptikhovsky et al., 2013). Hatchling ecology varies among
species, some hatch as planktonic larvae while others hatch as mini, benthic dwelling adults
(Forsythe & Toll, 1991; Boyle & Boletzky, 1996; Voss and Toll, 1998).
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The two main groups that comprise class Cephalopoda include Nautiloidea (nautilus) and
Neocoleoidea (squids, cuttlefish, octopods, and their relatives) (Vecchione, 2002; Felder & Camp,
2009; Judkins, 2009). The GoM is strictly home to Neocoleoidea, which includes Superfamilies
Octopodiformes (octopods and vampire squid) and Decapodiformes (squids and cuttlefish)
(Felder & Camp, 2009; Judkins, 2009), excluding cuttlefish which inhabit the western Atlantic,
Mediterranean, and Indo-Pacific (Domingues et al., 2001; O’dor et al., 2002; Wang et al., 2003).
Decapods are characterized by an elongate body with lateral fins, eight arms and two longer
tentacles, while octopods possess a sac-like body, typically with no lateral fins, and eight arms
with no tentacles (Vecchione, 2002). Both groups can be found in benthic and pelagic zones and
possess a variety of adaptive traits based on their preferred habitat. For example, pelagic species
may have larger optic lobes, which enhances their ability to catch prey in the dim pelagic zone,
compared to those in the benthos because benthic species rely more on chemical senses than
on eyesight (Wollesen et al., 2012). Benthic octopuses have also adapted to using two different
reproduction methods: some produce fewer, larger eggs that develop into mini benthic dwelling
adults, while others produce numerous, smaller eggs that hatch into planktonic larvae, known as
paralarva, that inhabit the pelagic zone (Villanueva & Norman, 2008). Octopods serve important
ecological roles in their environments by acting as predators to crustaceans, fish, and mollusks,
and as prey for an array of organisms from predatory fish to whales (Mather, 1982; Arreguı ́nSánchez, 2000; Pierce et al., 2010). Their short life span, rapid growth rates, and adaptability
allows them to adapt to changing environmental conditions, including climate change, pollution,
and overfishing (Pierce et al., 2010; Doubleday et al., 2016).

2

1.2 Species Complexes
Species complexes are groups of cryptic species-- they are morphologically similar, yet
genetically distinct assemblages (Pfenninger & Schwenk, 2007). The discovery of species
complexes has improved over the past few decades due to the increased availability of DNA
sequences (Bickford et al., 2007). Cryptic species have been discovered among a vast array of
taxa, including fungi (Crespo & Lumbsch, 2010) tropical insects (Burns et al., 2008; Vodă et al.,
2015; Janzen et al., 2017), amphibians (Caminer & Ron, 2014), and marine invertebrates such as
sea slugs, mussels, and cephalopods (Lee & Ó Foighil, 2004; Carmona et al., 2011; Amor et al.,
2017).
To understand the diversity of organisms that exist on Earth, it is vital to discover and
identify cryptic species. Biodiversity estimates of certain taxonomic groups may be largely
underestimated (Pfenninger & Schwenk, 2007), which makes it difficult to implement
appropriate conservation efforts. Marine biodiversity may be the most poorly represented of
regional efforts due to a lack of collecting in many areas, such as offshore and deep-sea
environments, or due to variability among collecting methods and a lack of taxonomic expertise
for many groups (Costello et al., 2010; Miloslavich et al., 2010). According to the Census of
Marine Life, approximately two million species have been described by scientists, however fourfifths of species on Earth are still estimated to be undescribed, many of which are marine
(Bouchet, 2006; Costello et al., 2010). In a deep-sea invertebrate biodiversity review, Taylor &
Roterman (2017) determined that out of the few genetic studies completed with invertebrates in
deep sea environments (below 200 m), only 115 species were included, under 4% of the studies
were ocean wide, and 48% of the studies were concentrated in the Atlantic Ocean. Only nine
3

papers focused on depths below 3500 m and furthermore, only two species were studied below
5000 m, an area which Taylor and Roterman (2017) state accounts for nearly a quarter of Earth’s
seafloor. The lack of information available for these environments and the organisms that inhabit
them emphasizes the vast deficiencies of current marine biodiversity estimates and highlights
the importance of further exploration and identification of unknown species to improve
estimates and conservation efforts.

1.3 Species Complexes in the family Octopodidae
The family Octopodidae has been a rather poorly understood group of organisms, with
particular taxonomic confusion within the genus Octopus (Kaneko et al., 2011). Until recently,
taxonomists have relied heavily on apparently insufficient morphological similarities to assign a
species name to an individual. This has led to widely dispersed individuals being lumped under
one species name, and to the assumption that these species are cosmopolitan due to their vast
geographic range and worldwide abundance (Kaneko et al., 2011; Amor et al., 2019).
Advancements in technology have made it possible for scientists to conduct molecular analyses
on these problematic groups, revealing that species once believed to be cosmopolitan are
actually complexes of multiple smaller, genetically distinct species (Oosthuizen et al., 2004;
Pfenninger & Schwenk, 2007; Kaneko et al., 2011).
A complex has been discovered among the Common Octopus species, Octopus vulgaris
(Cuvier, 1797), which has been split into six putative species to date: Octopus tetricus, Octopus
cf. tetricus, and Octopus sinensis in the Pacific, type I and Octopus americanus (formerly type II)
in the West Atlantic, and type III in the Indian ocean around South Africa (Avendaño et al, 2020).
4

According to Amor et al. (2019), the O. vulgaris group appears to have evolved within the past
2.5 million years throughout the Pleistocene, during a time of global cooling. Species have been
identified using mitochondrial (i.e. 16S rRNA, COI, COIII) and nuclear genes (i.e. microsatellite
markers) (Söller et al., 2000; Oosthuizen et al., 2004; Kaneko et al., 2011; Amor et al., 2019;
Avendaño et al, 2020) and with few, discrete delineating morphological characteristics including
number of gill lamellae and sexual traits, predominantly found in males, such as number of
suckers on the hectocotylus (Leite et al., 2008; Amor et al., 2017; Avendaño et al, 2020).
Octopus joubini, commonly known as the Pygmy Octopus, is another species
believed to be a complex (Forsythe & Toll, 1991). The O. joubini complex has been proposed
based on differences in chromatophore coloration, hatchling ecology, and egg size (Forsythe &
Toll, 1991); however, no genetic analyses have been performed to verify the identity of species
within this potential complex, possibly due to a lack of commercial interest. Mitochondrial
markers such as 16S rRNA rRNA and cytochrome c oxidase subunit I (COI) have proven to be
useful in accurately identifying and determining the existence of cryptic species and have already
been used to successfully identify other cryptic species of Octopus (Teske et al., 2007; Allcock et
al., 2011; Kaneko et al., 2011; Pliego-Cárdenas et al., 2014). The present study aims to combine
morphological and genetic data using two mitochondrial markers to test the claim that a
complex of O. joubini exists.

1.4 Octopus joubini
Octopus joubini is a common shallow water octopus found throughout the GoM,
Western Atlantic Ocean and the North-Eastern Caribbean Sea (Mather, 1982; Judkins, 2009;
Jereb & Roper, 2014). It is a small octopod characterized by arm suckers in two-series, an ink sac,
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arms subequal in length, no ocelli between eyes and bases of lateral arms, and gill lamellae
ranging from 4-7 per outer demibranch (Vecchione, 2002). Adults have a mantle length up to 60
mm with a total length up to 150 mm. They reproduce sexually, are semelparous, and females
are significantly larger than males at maturity (Fosrsythe, 1984). This species is typically found
along sandy, coral, or rubble bottom habitats at depths up to 80 m (Voss, 1956; Vecchione,
2002), and prefers temperatures ranging between 18-25˚C and a salinity of 35‰ (Opresko &
Thomas, 1975; Forsythe & Hanlon, 1980; Forsythe & Toll, 1991). O. joubini can be commonly
found in empty gastropod or bivalve shells, which it uses for shelter and brooding (Opresko &
Thomas, 1975; Mather, 1982).
The O. joubini holotype was collected and described by Robson in 1929 along the shores
of St. Thomas in the U.S. Virgin Islands. The holotype is a female with a mantle length of 15mm
and Robson (1929) describes it as producing large eggs with benthic hatchlings, a characteristic
that makes this species easily cultured in the lab; as such its life history, behavior, and physiology
have been extensively studied (Opresko & Thomas, 1975; Forsythe & Hanlon, 1980; Forsythe &
Toll, 1991).
Adam (1937) described another pygmy Octopus species, O. mercatoris, that closely
resembled O. joubini. Octopus mercatoris is a small octopod that produces large eggs (6.0-8.0
mm) with benthic hatchlings and is found throughout the GoM (Tiffany et al., 2006; Judkins,
2009; Jereb & Roper, 2014). Adam (1937) characterized this species with protruding eyes, poorly
developed interbrachial membrane, “strongly developed” siphon organ, small number of gill
lamellae, and radula with second lateral teeth and very strong base. He determined that O.
mercatoris and O. joubini differed in regard to arm length, web depth, sucker size, and radular
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morphology (Forsythe & Toll, 1991). However, Pickford (1945) analyzed the morphology of both
specimens and proposed that all were conspecific with O. joubini and the disparities in egg size
were due to varying mantle lengths (Pickford, 1945; Forsythe & Toll, 1991).
Forsythe & Toll (1991), however, considered O. joubini represented multiple species. The
authors re-examined the gravid holotype described by Robson (1929) and found its average egg
length to be 2.5 mm. They successfully reared wild caught O. joubini specimens, collected in the
GoM off the coast of Galveston, TX to observe the average egg size and hatchling ecology of the
reared individuals compared to the gravid O. joubini holotype. Of the reared individuals, they
found that there were two forms present, a small egg form with an average egg length ranging
from 2.0-5.0 mm that produced planktonic hatchlings, and a large egg form with an average egg
length of 6.0-8.0 mm that produced benthic hatchlings. Since the gravid holotype possessed an
average egg length that fell within the range of the small egg individuals, they proposed that the
O. joubini description should represent the small egg form rather than the large egg form. Aside
from egg size and hatchling ecology, they also determined that the two forms differed
significantly based on chromatophore coloration; the small egg form was described as
possessing a distinctive “reddish-orange” color, while the large egg form was “dark brown to
brownish-gray”. Forsythe & Toll (1991) proposed that if O. mercatoris is not conspecific with the
large egg species, it may represent a third species in this complex.
To date, no analyses have been published to clarify the confusion that exists within this
potential species complex of O. joubini and O. mercatoris. Extensive genetic analyses have been
conducted on species of commercial interest that may represent complexes, such as Octopus
vulgaris and Octopus maya (Quetglas et al., 1998; Arreguín-Sánchez et al., 2000; Oosthuizen et
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al., 2004; Juárez et al., 2010; Kaneko et al., 2011; De Luca et al., 2014), but little effort has been
put into these lesser known species as they are not of commercial interest at this time.

1.5 Molecular Markers
Recently, DNA markers have become widely used in accurately identifying species across
all forms of life (Hebert et al. 2003; Vinay et al. 2019). Both mitochondrial and nuclear markers
have proven to be abundantly useful for solving phylogenetic problems that morphological
characters fail to resolve. Some authorities claim that mitochondrial markers such as COI and 16S
rRNA rRNA are more useful than the nuclear genome due to a lack of introns, limited exposure
to recombination, and high conservation (Herbert et al., 2002, Stoneking, 2018). Mitochondrial
rRNA tends to have a higher rate of nucleotide substitution, strengthening the rate of genetic
drift, which allows mitochondrial genes to evolve faster when compared to nuclear genes
(Moore, 1995; Patwardhan et al., 2014). The use of the COI gene, developed by Folmer et al.
(1994), has been regarded as having a greater phylogenetic signal than any other mitochondrial
gene (Hebert et al., 2002), making it useful for phylogenetic inference among all metazoans.
However, Amor et al. (2019) determined that nuclear loci were able to distinguish between
cryptic species in the O. vulgaris complex that mitochondrial DNA failed to recognize, which
emphasizes the importance of incorporating multiple loci in DNA-based species delimitation to
avoid biases.
Both COI and 16S rRNA markers have been utilized to help solve phylogenetic problems
and highlight the presence of complexes amongst the family Octopodidae (Allcock et al., 2011;
Kaneko et al., 2011; Pliego-Cárdenas et al., 2014; Teske et al., 2007). Neither marker has been
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used to identify a complex of O. joubini. The present study analyzed two mitochondrial markers,
COI and 16S rRNA, and will utilize the concatenation method for COI and 16S rRNA sequences to
more effectively identify any intraspecies variation within the possible complex.

1.6 Gulf of Mexico
The GoM is approximately 1800 km wide, bordering North America, Mexico, and the
Caribbean (Broadus et al., 2020). The average depth is roughly 1615 m, with four distinct zones
including the shallow/intertidal (<20 m deep), continental shelf (<180 m deep), continental slope
(180 m- 3000 m), and abyssal zone (>3000 m) (Rivas et al., 2005; Sosnowski, 2017). Caribbean
waters enter through the Yucatan Channel, forming the main gulf current known as the Loop
Current (Ward & Tunnell, 2017). The loop current exits through the Florida Straits (Broadus et
al., 2020), forming the world’s strongest currents known as the Gulf Stream (Ward & Tunnell,
2017). The Gulf Stream moves northward through the Bahamas and along the eastern coast of
Florida, contributing to the poleward transfer of heat and salt (Judkins, 2009; Sosnowski, 2017).
The warm waters of the GoM host an extensive array of marine life that includes more
than 15,000 species, making it one of the most biodiverse bodies of water on Earth (Tunnell,
2009). In addition to the 1500 species of fish, 400 species of marine birds, and 30 species of
marine mammals, the GoM hosts thousands of invertebrate species, approximately 1500 of
which are mollusks (Tunnell, 2009). Approximately 109 cephalopod species, spanning 31
families, exist in the Western Central Atlantic, which includes the Caribbean and GoM (Judkins,
Vecchione & Roper, 2009). Knowledge of cephalopod species in the GoM is still rather limited,
studies conducted include that of Voss in 1956, Vecchione in 2002, and Judkins in 2009. In
9

Judkins’ (2009) comprehensive study of cephalopods in the GoM and broad Caribbean, Judkins
determined that the eastern coast of Florida exhibited the highest species richness, possibly due
to nutrient mixing in the Gulf stream, current transport, and the presence of both shallow and
deepwater habitats (Judkins, 2009; Sosnowski, 2017). Morphological identification of some
species can be difficult, due to damage during collection methods or presence of cryptic species,
making it difficult to truly estimate the diversity of cephalopods that exist here. To better
understand the assemblage of cephalopods in this area, Judkins (2009) recommended the use of
DNA analysis.

1.7 Southeast Area Monitoring and Assessment Program
The Southeast Area Monitoring and Assessment Program (SEAMAP), initiated in 1981,
was developed by state and national marine fisheries and management agencies to facilitate the
collection and management of fishery-independent data from the waters of the southeastern
United States (SEAMAP, n.d.). The project was then split into three geographic regions including
the GoM, South Atlantic, and Caribbean Sea. The data collected by SEAMAP efforts helps keep
fisheries data systems consistent with the latest stock assessments which in turn, helps set
appropriate harvest limits in the surrounding waters for the protection of marine resources (Gulf
States Marine Fisheries Commission, 2015).
SEAMAP consists of a variety of surveys that are distinct based on region-- from bottom
trawls to plankton surveys and mapping projects-- each region’s data provides useful information
to all three regions (Gulf States Marine Fisheries Commission, 2015). The GoM SEAMAP conducts
a variety of efforts including plankton, trawl, ground fish, reef fish, and inshore longline surveys.
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This study utilizes O. joubini and O. vulgaris specimens collected by GoM SEAMAP during trawl
surveys between 2015-2019.
In the present study, I will determine whether O. joubini represents a complex in the
Eastern GoM by utilizing COI and 16S rRNA mitochondrial markers coupled with morphological
data. If a complex is identified, I will also explore the geographical ranges of species within the
complex and determine if species exhibit overlapping geographical distributions.
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2.0 MATERIALS & METHODS

2.1 Specimen collection
Octopus joubini and O. vulgaris specimens were collected in the eastern GoM along the
west coast of Florida in summer (June-July) and fall (September-October) from 2015-2019 during
SEAMAP cruises. Specimens were collected using a 40 ft otter trawl deployed for 30 minutes, at
depths ranging from 10-100 m. Upon collection, all specimens were frozen on board the R/V
Tommy Munro and transported back to the Florida Biodiversity Collection (FBC) in Saint
Petersburg, FL. The two O. mercatoris specimens used in this study are voucher specimens from
the Bailey-Matthews Shell Museum and were collected along the beach of Sanibel Island, FL.
Collection sites are shown in Figure 1.

2.2 Identification and Tissue Sampling
FBC staff released all O. joubini and O. vulgaris specimens on loan to Heather Judkins,
PhD, at the University of South Florida Saint Petersburg where all identifications and tissue
sampling took place. Specimens were thawed and identified using morphological characters with
the FAO Living Marine Resources of the Western Central Atlantic identification guide (Vecchione,
2002). Tissue samples were taken from the ventral mantle of each specimen, stored in 95% EtOH
and immediately frozen. Specimens were then preserved in 70% EtOH and sent back to the FBC
for curation. Location categories were determined by obtaining the collection coordinates for
each individual collected on SEAMAP cruises (2015-2019). Latitude and longitude values were
12

obtained through the Specify database and mapped through ArcGIS. Thirty specimens that were
morphologically identified as O. joubini were chosen based on three localities: North Florida,
Central Florida, and Southern Florida. Ten specimens were originally chosen from each locality,
however specimens ultimately used for this study were based upon PCR success, therefore only
nine specimens were used to represent the South Florida region. A list of specimen data can be
found in Table 1.

2.3 DNA Extraction
DNA extractions were performed using the DNeasy Blood and Tissue kit (Qiagen). Tissue
was taken from frozen samples (0.02 g), cut into smaller pieces, and placed in a microcentrifuge
tube. 180 µL of Buffer ATL and 20 µL of Proteinase K were added to each sample. The samples
were then vortexed for approximately 5 seconds and left to incubate at 56 °C overnight. After
incubation, 180 µL of Buffer AL + EtOH was added to each sample and vortexed. The whole
sample was then pipetted into a DNeasy mini spin column with a 2 mL collection tube. Samples
were centrifuged at 6000 x g (8000 rpm) for 1 min, and flow-through was discarded along with
the collection tube. Spin columns were placed in a new collection tube, and 500 µL of Buffer
AW1 was added. Samples were centrifuged for 1 min at 6000 x g (8000 rpm). Flow-through and
collection tubes were discarded. Spin columns were placed in a new collection tube and 500 µL
of Buffer AW2 was added.
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Table 1: Specimen Data
Specimen data including: museum catalog number, station number corresponding to collection
location, location category (North Florida, Central Florida, South Florida), latitude, longitude, and
average depth (m) of each specimen used for this study.
Species

Museum Catalog
Number

Station
Number

Locality

Latitude
(N)

Longitude
(W)

Average
Depth
(m)

Markers

Octopus vulgaris

FSBCI I 136575

171802-060

South
Florida

25.072833

-82.274333

25

16S rRNA

Octopus vulgaris

FSBCI I 132906

171602-039

Central
Florida

28.080666

-82.768

63

16S rRNA

Octopus vulgaris

FSBCI I 132903

171602-082

South
Florida

25.328666

-82.5775

34.1

16S rRNA

Octopus vulgaris

FSBCI I 132899

171602-026

North
Florida

28.628

-84.179333

37.5

16S rRNA

Octopus joubini

FSBCI I 138097

171805-035

South
Florida

25.11866667

-83.0528

56

16S rRNA,
COI

Octopus joubini

FSBCI I 135086

171702-070

South
Florida

25.439166

-83.005

52

16S rRNA,
COI

Octopus joubini

FSBCI I 139761

171904-005

North
Florida

28.3498333

-84.7149167

65.4

16S rRNA,
COI

Octopus joubini

FSBCI I 135082

171702-018

Central
Florida

27.774333

-84.2765

67.5

16S rRNA,
COI

Octopus joubini

FSBCI I 135944

171703-003

Central
Florida

27.284333

-84.008833

71.6

16S rRNA,
COI

Octopus joubini

FSBCI I 139767

171904-036

South
Florida

25.0676667

-82.87175

45.3

16S rRNA,
COI

Octopus joubini

FSBCI I 129404

171503-015

North
Florida

29.00883

-85.316666

48

16S rRNA,
COI

Octopus joubini

FSBCI I 131761

171505-017

North
Florida

29.023

-84.840333

40

16S rRNA,
COI

Octopus joubini

FSBCI I 129406

171503-021

North
Florida

29.448166

-85.059666

15.85

16S rRNA,
COI

Octopus joubini

FSBCI I 131759

171505-003

North
Florida

29.890333

-87.156666

76.5

16S rRNA,
COI

Octopus joubini

FSBCI I 139771

171904-069

Central
Florida

27.56716667

84.05508333

63.7

16S rRNA,
COI

Octopus joubini

FSBCI I 138090

171805-008

Central
Florida

27.08516667

-83.5598

53

16S rRNA,
COI
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Table 1: Specimen Data (Continued)
Specimen data including: museum catalog number, station number corresponding to
collection location, location category (North Florida, Central Florida, South Florida), latitude,
longitude, and average depth (m) of each specimen used for this study.
Octopus joubini

FSBCI I 138091

171805-009

Central
Florida
North
Florida

26.97

-83.7772

63

16S rRNA

Octopus joubini

FSBCI I 129405

171503-016

29.020333

-85.143666

43.5

16S rRNA,
COI

Octopus joubini

FSBCI I 139774

171904-076

Central
Florida

27.33858333

-83.3105

38

16S rRNA,
COI

Octopus joubini

FSBCI I 139768

171904-047

Central
Florida

26.69716667

-83.01

36.8

16S rRNA,
COI

Octopus joubini

FSBCI I 136561

171802-007

North
Florida

29.00266

-84.791833

38.5

16S rRNA,
COI

Octopus joubini

FSBCI I 129415

171503-190

North
Florida

29.998

-86.165666

37

16S rRNA,
COI

Octopus joubini

FSBCI I 138712

171902-094

South
Florida

25.319

-83.0758333

55.5

16S rRNA,
COI

Octopus joubini

FSBCI I 139764

171904-025B

South
Florida

24.9019167

-83.3478333

63.6

16S rRNA,
COI

Octopus joubini

FSBCI I 139766

171904-035D

South
Florida

24.9545

-82.9386667

46.7

16S rRNA,
COI

Octopus joubini

FSBCI I 139766

171904-035F

South
Florida

24.9545

-82.9386667

46.7

16S rRNA,
COI

Octopus joubini

FSBCI I 136563

171802-013

Central
Florida

27.9635

-84.168333

49

16S rRNA,
COI

Octopus joubini

FSBCI I 136562

171802-010

North
Florida

28.355333

-84.481666

56

16S rRNA,
COI

Octopus
mercatoris

BMSM 113691

-

Central
Florida

26.4316

-82.0517

N/A

16S rRNA,
COI

Octopus
mercatoris

BMSM 113692

-

Central
Florida

26.4434

-82.1115

N/A

16S rRNA,
COI
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Figure 1: Collection Map
The location where each specimen was collected during SEAMAP cruises (2015-2019).
Samples were placed in the centrifuge for 3 min at 20,000 x g (14,000 rpm). Flow-through
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and collection tubes were discarded. Spin columns were placed in a new collection tube
and 500 µL of Absolute EtOH was added. Samples were centrifuged at 20,000 x g (14,000 rpm)
for 2 min. Flow-through and collection tubes were removed carefully from the spin column so
that no EtOH was carried over to the elution. Spin columns were placed in a 200 µL
microcentrifuge tube and 50 µL of Buffer AE was added. Samples were then incubated at room
temperature for 5 minutes and then placed in the centrifuge for 1 min at 6000 x g (8000 rpm) to
create the initial eluate. The last step was repeated to create a second eluate; both eluates were
then stored in a freezer.

2.4 DNA Quantification
Extracted DNA was quantified using a Qubit 4 fluorometer using the recommended
procedure (Qubit, 2018). 190 µL of 1x Qubit Buffer was placed in provided Qubit tubes for
Standard 1 and Standard 2 and 10 µL of each standard was added to each Standard tube. 195 µL
of 1x Qubit Buffer was placed in all other tubes receiving extracted DNA; 5µL of extracted DNA
was added to each corresponding tube. Qubit tubes were vortexed for approximately 5 seconds
and then centrifuged for approximately 1 minute. Tubes were then placed individually in the
Qubit 4 fluorometer for readings. All readings were measured in ng/µL. Template DNA that was
too concentrated was diluted to a 1:10 ratio using AE buffer.

2.5 PCR Conditions and Sequencing
Polymerase Chain Reactions (PCR) were conducted to amplify COI and 16S rRNA coding
regions. PCR protocol included 10 µL of Green Gotaq MasterMix, 2 µL of forward and reverse
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primers, 4 µL of nuclease-free water, and 2 µL of DNA template. PCR product was visualized by
gel electrophoresis, run through a 1.5% agarose gel stained with ethidium bromide at 115v for
30 minutes.

Table 2: Thermocycling Protocol
The thermocycling protocol used in this study
Locus

Initial
Denaturation Annealing
Denaturation

Extension

Final
extension

Hold

COI &
16S
rRNA

95 °C, 2 min

94 °C, 1min

72 °C, 1 min

72 °C, 7 min

4 °C,
∞

1 cycle

34 cycles

50 °C, 1 min

1 cycle

Upon completion of amplification, uncleaned PCR product for COI and 16S rRNA loci
were sent to GENEWIZ (New Jersey, USA) for Sanger sequencing (Sanger et al., 1997). Once
sequencing was completed by GENEWIZ (New Jersey, USA), forward and reverse chromatogram
outputs were checked for quality and edited as necessary using Geneious prime software v
20201.0.1 (Kearse et al., 2012). Geneious prime software was also used to align sequences using
the MUSCLE algorithm (Edgar, 2004). A concatenated nucleotide alignment for 16S rRNA and COI
sequences was also created for comparison.
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Table 3: COI & 16S rRNA primers
Forward and reverse primers being used in this study for COI and 16S rRNA RNA
Locus

Forward Primer

Reverse Primer

COI

LCO1490

HCO2198

5'-GGTCAACAAATCATAAAGATATTGG-3'

5'-TAAACTTCAGGGTGACCAAAAAATCA-3'

16S rRNAa

16S rRNAb

5'-CGCCTGTTTATCAAAAACAT-3'

5'-CTCCGGTTTGAACTCAGATCA-3'

16S
rRNA

.

2.6 Analysis of Sequence Data
Nucleotide alignments were exported to CIPRES Science Gateway V. 3.3 (Miller et al.,
2010) to conduct molecular phylogenetic inference using the RAxML – HPC blackbox (Stamatakis,
2014) tool for Maximum Likelihood analysis, with bootstrap values set to 1000 replicates. RAxML
bipartitions results were exported to FigTree v 1.4.4 (Rambaut, 2018) to visualize and edit
phylogenetic trees. Trees were rooted using Vampyroteuthis infernalis as the outgroup because
this species shares a common ancestor with the Octopus genus that is more distant than the
common ancestor of species within the genus. Bootstrap values were included, however values
with <50% support were excluded.
The Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1990) and GenBank
sequence database (Benson et al., 2012) were used to compare sequences with available
nucleotide sequences. Comparisons were based on matches with specimens that possessed a
sequence identity of 98% or higher. Currently there are no 16S rRNA O. joubini nucleotide
sequences available in Genbank for comparison. Relevant GenBank sequences of O. vulgaris, O.
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joubini, and O. mercatoris were added to alignments and included in phylogenetic trees for
reference.
2.7 Morphological Comparisons
Morphological features were compared for all O. joubini and O. mercatoris specimens to
determine if there were any distinguishing features between species. Comparative features were
adapted from Adam’s (1937) original description of O. mercatoris including arm length, web
depth, and sucker size; radular morphology was another feature pointed out by Adam, however
it was not used as a means of comparison in the current study. Arm length was measured from
the base of the arm to the arm tip for each specimen using a metric ruler. The average web
depth was calculated by measuring the depth of the web starting at the base of the mouth to the
outer edge of the web. Webbing for some specimens appeared to be ripped or torn, therefore
an average was taken for three web depth measurements from webbing that appeared to be in
the best condition. The average sucker diameter was determined by using electronic calipers to
measure the suckers at the base of the arm and midregion of the arm.
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3.0 RESULTS
3.1 Genetic Analysis
In total, 55 new 16S rRNA and COI amplicons were successfully recovered for this study,
with five specimens failing to amplify for COI. Phylogenetic trees of COI, 16S rRNA, and the
concatenation of the two are displayed in Figures 2, 3, and 4. The COI phylogenetic tree differs
from the 16S rRNA and concatenated trees in the arrangement of clusters of O. vulgaris and O.
mercatoris. However, although the phylogenetic trees are not identical, all three agree in
depicting definitive clusters of species represented in this study. Each cluster shares 98-100%
pairwise identity (shown in Appendices A, B and C), with high bootstrap support. Based on the
phylogenetic tree results, it can be concluded that O. mercatoris is distinct from O. joubini,
however it is still uncertain whether it represents a third species in the complex or is conspecific
with Forsyth & Toll’s (1991) large egg species. The geographical distribution of species used in
this study are overlapping, with no definitive species-specific clusters present along the eastern
GoM.
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Figure 2: COI Phylogenetic Tree
COI Maximum Likelihood phylogenetic tree with bootstrap test of 1000 replicates. Branches with
<50% bootstrap support were excluded. Relevant GenBank accession numbers were included for
reference
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Figure 3: 16S rRNA Phylogenetic Tree
16S rRNA Maximum Likelihood phylogenetic tree with bootstrap test of 1000 replicates. Branches with <50%
bootstrap support were excluded. Relevant GenBank accession numbers were included for reference.
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Figure 4: Concatenated Phylogenetic Tree
Concatenated 16S rRNA & COI Maximum Likelihood phylogenetic tree with bootstrap test of 1000
replicates. Branches with <50% bootstrap support were excluded. Relevant GenBank accession numbers
were included for reference. Some GenBank accession numbers did not have COI and 16S rRNA
sequences available that corresponded with the same specimen and therefore, could not be
concatenated, and were excluded from this tree.
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3.2 Morphological Comparison
Morphological features were compared to identify any potential differences between the
two octopod species. For each O. mercatoris specimen used in this study, two O. joubini
individuals of similar size class were used to compare features. Comparisons were based off of
measurements taken by Adam’s (1937) original description and include arm length, average web
depth, and average sucker diameter. Due to a limited time frame and funding constraints, radula
comparisons were unfortunately outside the scope for this project. Sucker diameter was
measured based on suckers at the base of the arm and again at the midregion of the arm.
Results of morphological comparisons are shown in Table 7. There were no differences observed
in average web depth however there was a slight difference observed in average sucker
diameter and arm length between species. Upon examination, arms of O. mercatoris appear to
be shorter and “thicker” than those of O. joubini.
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Table 4: Morphological Comparison Data
Morphological comparison between O. joubini and O. mercatoris including arm length, average web depth, and average sucker
diameter.
Catalog Number

BMSM 113691

FSBCI I 138091

FSCBI I 135086

BMSM 113692

FSBCI I 129406

FSBCI I 129406

Species

O. mercatoris

O. joubini

O. joubini

O. mercatoris

O. joubini

O. joubini

Mantle Length (mm)

24.02

22.74

26.82

13.92

15.19

16.62

Arm Length (mm)
LEFT
RIGHT
1. 49.74
1. 38.43
2. 47.13
2. 46.36
3. 62.53
3. 61.11
4. 66.18
4. 54.64
LEFT
RIGHT
1. 79.64
1. 49.65
2. 65.87
2. 78.83
3. 73.23
3. 50.55
4. 66.34
4. 76.67
LEFT
RIGHT
1. 66.85
1. 71.60
2. 66.02
2. 67.44
3. 71.19
3. 56.92
4. 68.28
4. 71.83
LEFT
RIGHT
1. 32.36
1. 30.24
2. 26.45
2. 25.64
3. 23.45
3. 13.63
4. 24.97
4. 28.28
LEFT
RIGHT
1. 40.14
1. 36.58
2. 38.96
2. 39.72
3. 37.92
3. 41.68
4. 41.03
4. 26.62
LEFT
RIGHT
1. 38.59
1. 45.84
2. 40.58
2. 48.11
3. 51.38
3. 35.26
4. 42.81
4. 34.94

Web Depth Avg. (mm) Sucker Diameter Avg. (mm)

8.43

7.43

8.23

3.65

6.69

6.75
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Arm Base
Middle Arm

2.40
1.82

Arm Base
Middle Arm

1.75
1.45

Arm Base
Middle Arm

1.73
1.23

Arm Base
Middle Arm

0.79
0.43

Arm Base
Middle Arm

0.86
0.40

Arm Base
Middle Arm

0.85
0.44

Sex

Notes

Female

Female

Measurements taken from specimen "A" in jar.
Tip missing from arms #2, #4, #5, #6, and #8.

Female

Arm #4 possibly regenerating? Arms #5, #6
damaged

N/A

Female?

Female

arm #6 very damaged almost missing half of
arm. Too small to determine sex

Measurements taken from specimen "21" in
jar. Arm #5 damaged

4.0 DISCUSSION
The main objectives of this research were to [1] utilize COI and 16S rRNA markers to
determine if O. joubini represents a species complex in the eastern GoM and [2] if cryptic species
were identified, determine if they have overlapping geographical ranges. Traditional systematics
and molecular evidence confirmed that O. joubini represents a complex in the eastern GoM. I
propose that O. mercatoris and O. joubini continue to be considered cryptic due to a small
sample size and subtle morphological differences observed in the present study. It is still
uncertain if O. mercatoris is conspecific with Forsythe & Toll’s (1991) large egg species or
represents a third species in the complex. These species appear to have overlapping
geographical ranges, with no definitive species-specific clustering observed, further supporting
the existence of cryptic species.

4.1 Molecular Data
Research regarding the O. joubini complex has been historically incomplete.
Morphological analyses have proven to be inadequate and have left the status of this species in a
state of confusion. Until now, there have been no genetic studies conducted to help solve this
systematics and taxonomic problem. This study sought to test traditional systematics methods
initially used to propose the existence of this complex by incorporating genetic evidence using
highly conserved mitochondrial markers (COI, 16S rRNA) to highlight the potential for
intraspecies variation. Phylogenetic trees represented in Figures 3, 4, and 5 depict the
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monophyly of the two forms and provide genetic evidence of cryptic speciation between O.
joubini and O. mercatoris. Further evidence of cryptic speciation between the two forms is noted
in Appendices B and C, where the pairwise identity between O. joubini and O. mercatoris can be
found ranging between 81-84%, while the pairwise identity of members within each definitive
cluster is 98-100%. There is a slight difference that should be noted in the COI phylogenetic tree
(Figure 3) where the O. vulgaris and O. mercatoris clades are represented on different nodes
than shown in the 16S rRNA phylogenetic tree (Figure 4). However, once the COI sequences
were concatenated with 16S rRNA sequences, the results of the concatenated phylogenetic tree
(Figure 5) were congruent with the results of the 16S rRNA tree. The concatenation method has
proven to yield more accurate phylogenetic trees, emphasized by Gadagkar et al. (2005), where
it was demonstrated that concatenated alignments containing two genes produced more
accurate phylogenies than trees constructed with a single gene. Because different genes
accumulate mutations at different rates (Patwardhan et al., 2014), the slight variation in
phylogenetic trees based on mitochondrial marker is not unexpected. Nonetheless, although the
phylogenetic trees are not identical, they all agree in depicting definitive clusters of species
represented in this study.

This study provided 23 new COI sequences and 24 new 16S rRNA records for O. joubini,
as well as two new COI and 16S rRNA sequences of O. mercatoris. The present study will
contribute the first 16S rRNA records for O. joubini to Genbank. Currently, there is only one O.
joubini COI sequence available for reference in GenBank, but it appears to be misidentified
(AY377732.1), highlighting the frequency of incongruities in morphological identifications and
sequences available in GenBank. This specimen was identified as O. joubini in GenBank, however,
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it can be noted in Table 1 that this specimen shares  89.69% similarity with 23 specimens
identified as O. joubini in this study and shares 99.85% similarity with both specimens identified
as O. mercatoris. This can also be visualized in phylogenetic trees of Figures 2 and 4, where
AY377732.1 is grouped with the O. mercatoris clusters. Morphological identification errors were
also encountered amongst the O. vulgaris specimens represented in this study. These specimens
were originally identified as O. joubini through morphological characters, but genetic analysis
using 16S rRNA data revealed that the identity of these individuals is in fact O. vulgaris.
Coincidentally, all O. vulgaris individuals (4) failed to amplify with COI primers. Misidentified
records such as these are not uncommon, especially amongst cryptic taxa, highlighting the
importance of genetic work to aid in correcting identification mistakes.

A plethora of cephalopod studies discuss the frequency of identification errors that
occur. Avendaño et al. (2020) recently clarified the identity of a species within the O. vulgaris
complex, O. americanus, and found that many species in Genbank being classified as O. vulgaris
actually represent 3 different species: O. sinensis, O. vulgaris type III, and O. vulgaris ss . They also
revealed two Caribbean species, O. tayrona and O. vulgaris, were being incorrectly described and
were actually conspecific with O. insularis. In an extensive deep-sea cephalopod identification
and population dynamics study, Sosnowski (2017) encountered numerous misidentification
errors in Genbank, spanning at least eight different families for both COI and 16S rRNA loci
(Enoploteuthidae, Chiroteuthidae, Cranchiidae, Cycloteuthidae, Lycoteuthidae, Octopoteuthidae,
Onychoteuthidae, Pyroteuthida). Errors such as these make exploring genetic distances between
groups very challenging (Avendaño et al., 2020), however, as genetic studies become
increasingly common, these mistakes can be addressed, corrected, and prevented in the future.
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4.2 Morphology
Based on Adam’s (1937) original description, O. mercatoris could be distinguished from
O. joubini based on incongruities in arm length, web depth, sucker size, and radular morphology.
In my morphological analysis, I chose to include three of the four characters identified including
arm length, average web depth, and average sucker diameter (listed in Table 7). The amount of
time and funding required for radular complex comparisons were unfortunately outside the
scope for this research. Only two O. mercatoris specimens were provided for this research by the
Bailey-Matthews Shell Museum, both of which were collected along the beach of Sanibel Island,
FL. For each O. mercatoris representative (ML: 24.02 mm; 13.92 mm), two O. joubini specimens
(ML: 22.74 mm, 26.82 mm; 15.19 mm, 16.62 mm) were chosen for comparison based on similar
mantle lengths. Although some differences were noticed between the two species, in arm length
and sucker size, the results of morphological analyses remain relatively ambiguous because most
of the animals experienced at least some physical damage. Many specimens collected by trawl
experience significant damage, making morphological identification difficult and, in some cases,
not possible. Distinguishing features may be very subtle and hard to observe, even in organisms
kept in pristine conditions, even slight damage of a specimen may hinder these features from
being noticed. Also, it is common for distinguishing features of certain species to refer to sexually
mature organisms, which poses another disadvantage to morphological identification, because
sexually mature specimens are not always available. To determine if our morphological findings
are useful, it would be necessary to examine a larger sample size with specimens preserved in
better condition. Nevertheless, some morphological differences were noticed and are described
below.
30

4.2.1 Arm Length
Because of the damage inflicted on a majority of the specimens used in this
project, arm length is not necessarily a reliable comparative feature here. However, the arm
morphology does seem to be different between the two species, which is more evident in
voucher specimen BMSM 113691 due to the fact that this specimen was preserved in excellent
condition. Regardless of arm damage, the arms of O. mercatoris appear to be more stout and
“thicker” compared to the long, slender arms of O. joubini. A visual reference of arm thickness
between the two species can be found in Appendix D. Due to our limited sample size and the
specimen damage previously stated, it is necessary to examine this feature on a larger data set
to definitively state a difference in arm morphology.

4.2.2 Average Web Depth
Average web depth was calculated by measuring the depth of the web starting
from the base of the mouth to the outer edge of the webbing between three different sets of
arms. The average was then calculated based on these three measurements. There did not
appear to be a difference in average web depth in either size class. In some cases, the webbing
was torn or ripped between a few of the arms, which could be due to preservative making the
tissues brittle, or possibly also due to damage upon collection. Because of this, web depth
measurements were only taken from three of the webs that were in perfect condition to avoid
measurement bias.

31

4.2.3 Average Sucker Diameter
Sucker diameter appeared to be the most obviously different morphological
feature observed between the two species. Octopus mercatoris appears to have larger suckers
than O. joubini throughout the entire length of the arm, whereas O. joubini seems to have
extremely small suckers towards the arm tip. This is especially evident again with voucher
specimen BMSM 113961, which had a higher average sucker diameter than FSBCI I 135086,
whose mantle length was approximately 2 mm larger. Voucher specimen BMSM 113692 had a
mantle length approximately 2-3mm smaller than the O. joubini specimens used for comparison,
however, its average sucker diameter was approximately equal to the larger O. joubini
specimens, further showcasing the larger suckers amongst O. mercatoris. Visual reference of
differences in sucker size can be seen in Appendix D.

4.3 Geographic Distributions
Octopus joubini and O. mercatoris appear to have overlapping geographical ranges, with
no species-specific clustering observed. Vecchione (2002) noted that there were two similar
forms distributed in the tropical western Atlantic and adjacent waters from Florida to the
Guyanas and stated the large egg form could be attributed to O. mercatoris, however this claim
could not be firmly established due to a lack of data. There are many other coastal octopod
species in the GoM found within similar geographical ranges, including O. vulgaris and O.
briareus (Judkins, 2009). It can be difficult to identify these groups using traditional systematics
because of morphological similarities and the presence of cryptic species in this region. It is likely
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that many organisms are misidentified, as was the case with some O. joubini and O. vulgaris
specimens in this study, which highlights the importance of implementing DNA analysis to better
understand the assemblage of cephalopods that exist in the GoM (Judkins, 2009).
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CONCLUSION
The research presented in the present study confirmed the presence of the O. joubini
complex in the eastern GoM and provided genetic evidence to back morphological claims that O.
mercatoris is a representative of the complex. This study provided new sequences of COI and
16S rRNA for both O. joubini and O. mercatoris and contributed the first 16S rRNA genetic
information for O. joubini to Genbank. This study also provided additional evidence that
morphological systematics alone may not be enough to determine species delimitations,
especially among cryptic taxa.
It appears that O. joubini and O. mercatoris have overlapping geographic distributions,
species were distributed along the west coast of Florida. Because I was unable to identify any
obviously different morphological characters between O. joubini and O. mercatoris, I am
proposing that the two species continue to be considered cryptic. However, it is still uncertain
based on my data whether O. mercatoris is conspecific with Forsyth and Toll’s (1991) large egg
species or could represent a third species in the complex. It would be beneficial to use a larger
sample size and include organisms collected from the northern GoM to incorporate specimens
from the area where Forsythe and Toll (1991) collected their small and large egg species. This
study used specimens collected predominantly by Florida GoM SEAMAP cruises, which limited
the area of collection to the west coast of Florida. In the future, a less inclusive analysis using
multiple, different sampling efforts and possibly incorporating specimens collected on the east
coast of Florida would be preferred.
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As the demand for octopuses in commercial fisheries grows, the need to resolve
taxonomic problems within the family Octopodidae becomes increasingly important. Some
countries only include cephalopod catch data in general categories, which prevents speciesspecific catch estimations, while others provide no cephalopod catch data at all. (Norman & Finn,
2014). Furthermore, of catch data that is reported, only four species are identified, including O.
vulgaris, O. maya, Eledone cirrhosa, and E. moschata, and the remaining species caught are
labeled as unidentified (Norman & Finn, 2014; Van Nieuwenhove et al., 2019). Catches that
consist of more than one species that go unrecorded or unrecognized pose a higher risk of
becoming overexploited and could be driven to extinction (Van Nieuwenhove et al., 2019).
However, even if an attempt to identify a wider range of species in catch data was put forth,
morphologically similar species and cryptic species would likely still be misidentified or
unnoticed. For example, aside from the confusion associated with the O. vulgaris complex, small
or juvenile O. vulgaris specimens can be morphologically very similar to O. joubini, making it
difficult in these situations to decipher between the two species with morphological
identification alone. Without correct identification of catch, it is incredibly difficult to define
adequate management and conservation measures, and to understand the potential impact
fisheries has on these species (Van Nieuwenhove et al., 2019). Although O. joubini and O.
mercatoris are not currently commercially important, they are both vital members of the marine
food web; both serve important ecological roles in their environments by acting as a predator to
small crustaceans, fish, and other mollusks, and as prey for predatory fish (Arreguı ́n-Sánchez,
2000; Mather, 1982).
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To truly understand the diversity of organisms that exist on Earth, it is vital to discover
and identify cryptic species. Biodiversity estimates of certain taxonomic groups may be largely
underestimated (Pfenninger & Schwenk, 2007), which makes it difficult to implement
appropriate conservation efforts. Failure to detect stock structures within a population can lead
to biological changes, influence productivity rates and cause loss of genetic diversity within a
species (Oosthuizen et al., 2004). Species complexes may also require special consideration;
different species might require different conservation strategies and conservation efforts may
currently be inappropriate (Bickford et al., 2007). Cephalopods play a vital role in oceanic
systems (Sosnowski, 2017), analyzing the status of their populations can serve as a window to
understanding oceanic ecosystem changes as a whole, which is vital to ecosystem management
and preservation.
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APPENDIX A: SUPPLEMENTAL TABLES AND FIGURES
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Table 1A: Percent Identity Matrix- 16S rRNA (Part 1)
A table displaying the percent identity between species using the 16S rRNA locus
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Table 1A: Percent Identity Matrix- 16S rRNA(Part 2)
A continuation of a table displaying the percent identity between species using the 16S rRNA locus
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Table 2A: Percent Identity Matrix- COI (Part 1)
A table displaying the percent identity between species using the COI locus
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Table 2A: Percent Identity Matrix- COI (Part 2)
A continuation of a table displaying the percent identity between species using COI locus
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Table 3A: Percent Identity Matrix- Concatenation (Part 1)
A table displaying the percent identity between species using concatenated COI and 16S rRNA loci
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Table 3A: Percent Identity Matrix- Concatenation (Part 2)
A continuation of a table displaying the percent identity between species using concatenated sequences of COI and 16S rRNA lo ci
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Figure 1A: Morphological Comparison
A visual representation of differences in arm “thickness” and sucker size between O. joubini (left)
and O. mercatoris (right). Images belong to Haley Holloway.
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Figure 2A: Morphological Comparison
A visual representation of differences in arm “thickness” and sucker size between O. joubini
(left) and O. mercatoris (right). Images belong to Haley Holloway.
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